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Abstract 
Background: Sauna bathing is associated with a reduced cardiovascular risk, but the mechanisms 
underlying this beneficial effect are not entirely understood. We aimed to assess the relationship 
between sauna bathing and risk of incident hypertension 
Methods: Frequency of sauna bathing was ascertained using questionnaires in the Kuopio Ischemic 
Heart Disease Study, a prospective long-term cohort study conducted in Eastern Finland that 
comprised a population-based sample of 1621 men aged 42 to 60 years without hypertension at 
baseline. The incidence of hypertension was defined as a physician diagnosis of hypertension, systolic 
blood pressure (SBP) > 140mmHg, diastolic blood pressure (DBP) > 90mmHg, or use of 
antihypertensive medication.  
Results: During a median follow-up of 24.7 years, 251 incident cases (15.5%) were recorded. In Cox 
regression analysis adjusted for baseline age, smoking, body mass index, and SBP; compared to 
participants reporting 1 sauna session per week, the hazard ratio for incident hypertension in 
participants reporting 2 to 3 sessions and 4 to 7 sessions was 0.76 (95% CI: 0.57 to 1.02) and 0.54 
(0.32 to 0.91), respectively. The corresponding hazard ratios were similar after further adjustment for 
baseline glucose, creatinine, alcohol consumption, resting heart rate, family history of hypertension, 
socioeconomic status, and cardiorespiratory fitness: 0.83 (95% CI: 0.59 to 1.18) and 0.53 (0.28 to 
0.98) respectively.  
Conclusions: Regular sauna bathing is associated with reduced risk of hypertension, which may be the 
mechanism underlying the decreased cardiovascular risk associated with sauna use. Further 
epidemiological and experimental studies could help elucidate the effects of sauna bathing on 
cardiovascular function.    
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Introduction 
Sauna bathing may have various health benefits including a reduced cardiovascular risk. We have 
previously shown that regular sauna bathing could be a protective factor against the development of 
cardiovascular diseases (CVDs).1 Specifically, participants reporting four to seven sauna sessions per 
week had a markedly reduced risk of fatal CVD events compared to participants with one sauna 
session per week, independently of well-established risk factors as well as several other potential 
confounders. The underlying physiological mechanisms for this protective effect, however, are still 
unknown. Prior studies have shown that sauna bathing is associated with better cardiovascular 
function2-5 and produces positive short-term effects on systemic blood pressure,6 although the long-
term effects of habitual sauna bathing on the risk of hypertension have not been previously 
investigated. 
Tight control of blood pressure is a cornerstone in the prevention of CVDs. Recent studies have 
confirmed the importance of blood pressure reduction, suggesting additional cardiovascular benefits 
for systolic blood pressure (SBP) of less than 120mmHg as compared with less than 140mmHg.7 As 
sauna bathing produces acute vasodilation which leads to a significant drop in blood pressure,4 regular 
sauna bathing could potentially result in long-term reduction of blood pressure. This mechanism may 
further explain the protective effects of sauna bathing on the cardiovascular system.  In this study, we 
aimed to investigate whether sauna bathing was associated with a reduced risk of incident 
hypertension using a long-term prospective cohort study comprising of apparently healthy middle-
aged Finnish men without a history of hypertension at baseline.  
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Methods 
Study population 
The Kuopio Ischemic Heart Disease (KIHD) study was designed to investigate risk predictors for 
atherosclerotic cardiovascular outcomes in a population-based sample of men from Eastern Finland. 
Participants were a randomly selected sample of 3,433 men aged 42 to 60 years who resided in the 
town of Kuopio or its surrounding rural communities.8 Of those invited, 2682 (83%) participated in 
the study. Participants with baseline hypertension (n=811), reporting no regular sauna bathing (n=8) 
or with missing data on sauna (n=242) were excluded, leaving 1621 participants for the analyses. 
Prevalent hypertension at baseline was defined as physician diagnosis of hypertension, SBP > 
140mmHg, diastolic blood pressure (DBP) > 90mmHg, or antihypertensive therapy.  
Men who participated (n =1621) were younger (age 52.9 years vs. 53.3 years, p=0.029) and their BMI 
(26.3 vs 27.8 kg/m2, p<0.001), plasma glucose levels (4.7. vs 4.9 mmol/L, p<0.001), socioeconomic 
status (SES) (8.3 vs 8.6, p=0.002), proportion with a family history of hypertension (42.1 vs 57.4 %, 
p=0.001), alcohol consumption (69.7 vs 86.7 grams/week, p=0.002) and SBP (129.7 vs 141.0, p<0.001) 
were lower compared with men who were excluded (n=1061) in the final study analysis. 
Cardiorespiratory fitness (CRF) as assessed by maximal oxygen uptake (VO2max) (31.7 vs. 27.8 
ml/kg/minute, p<0.001) was higher among men included in the analyses. All other main variables 
including serum creatinine and lipid levels, smoking habits and resting heart rate did not differ 
statistically significantly.” Baseline examinations were conducted between March 1984 and December 
1989. The study was approved by the research ethics committee of the University of Eastern Finland, 
Kuopio, Finland. Each participant gave written informed consent.  This study was performed following 
the STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) guidelines for 
reporting observational studies in epidemiology (Appendix). 
 
Assessment of sauna bathing 
The characteristics of typical sauna bathing have been previously reported.1 Briefly, the recommended 
temperature for sauna is usually from 80°C to 100°C. The temperature in the sauna room was 
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measured using a thermometer located in the sauna room and was self-reported. Baseline sauna 
bathing habits were assessed by self-administrated questionnaires based on weekly sauna sessions, 
duration and temperature.1 The questionnaires were checked by an experienced nurse at the time of 
baseline examination.  
  
Assessment of risk factors 
Covariates were assessed at baseline. A participant was defined as a smoker if he had ever smoked on 
a regular basis. Resting blood pressure was measured between 8:00 and 10:00 AM with a random-zero 
sphygmomanometer using a standardised protocol. After a supine rest of 5-minutes, blood pressure 
was measured three times in supine position, once in standing position, and twice in sitting position 
with 5-minute intervals, and the arithmetic mean of all available measurements was taken. The 
collection of blood specimens and the measurement of serum lipids, glucose and creatinine have been 
described previously.1,9 Body mass index (BMI) was computed as the ratio of measured weight in 
kilograms to the square of measured height in meters. Alcohol consumption was assessed using the 
Nordic Alcohol Consumption Inventory.9 Socioeconomic status (SES) was assessed by self-
administered questionnaires.1,9 Heart rate from the electrocardiogram was recorded at rest.9 Maximal 
oxygen uptake was used as a measure of CRF, which was defined as the highest value or the plateau of 
oxygen uptake10,11 during a standardized cycle testing protocol comprising an increase in the workload 
of 20 W per minute with the direct analyses of respiratory gases (Medical Graphics, St. Paul, 
Minnesota).  
 
Ascertainment of incident hypertension 
Incident hypertension was ascertained through record linkage to two sources: (i) the national hospital 
discharge registry, and (ii) the Social Insurance Institution of Finland register, which contains 
information on the reimbursement of expenses for antihypertensive medication. Hypertension was 
defined as a physician diagnosis of hypertension, SBP >140 mmHg, DBP >90 mmHg, or use of 
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antihypertensive medication (beta-blockers, calcium channel blockers, diuretics or 
ACE/angiotensinogen receptor antagonists). There were no losses to follow-up. 
 
Statistical analysis 
Differences in clinical characteristics according to incident hypertension events were examined using 
the analysis of variance and the chi-squared test, as appropriate. Descriptive data are presented as 
mean (standard deviation, SD) and number (percentage). Time-to-event analysis was conducted using 
Cox proportional hazards models to examine the association of sauna bathing with incident 
hypertension, after confirming assumptions of proportionality of hazards which was examined by 
plotting the hazard functions in different categories of risk factors over time. Participants were divided 
into three groups on the basis of the frequency of sauna bathing (1 time, 2-3 times, and 4-7 times per 
week). Three complete-case multivariable Cox models were progressively adjusted for baseline values 
of: age, smoking, BMI, and SBP (model 1); model 1 plus glucose, creatinine, alcohol consumption, and 
resting heart rate (model 2); model 2 plus family history of hypertension, socioeconomic status, and 
cardiorespiratory fitness (model 3). These confounders were selected based on their previously 
established role as risk factors for hypertension and CVD, evidence from previous research, or their 
potential as confounders based on known associations with hypertension and observed associations 
with sauna frequency using the available data. The linearity assumption was satisfied for all 
continuous variables and it was assessed with Martingale residuals for each continuous variable 
against survival time. P-value < 0.05 was considered statistically significant. Statistical analyses were 
performed using Stata version 14.1 (Stata Corp, College Station, Texas). 
 
Results 
Baseline characteristics 
The mean (SD) age of included subjects was 52.9 (5.2) years. Two-thirds of participants reported 2 to 
3 sauna sessions per week while 9% of participants reported 4 to 7 sessions per week. An average 
duration of a single sauna session was 14.4 (7.8, range 2-90) minutes. Comparing men using sauna 
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only once per week with those with at least two sauna sessions per week, the mean duration of a 
single sauna session was 14.4 (8.5) vs.14.5 (7.6) minutes (p=0.779) and the mean temperature of 
sauna was 80.9 (10.9) vs. 78.3 (8.9) C° (p<0.001). The number of participants without regular use of 
sauna was very low (12 men, 8 without hypertension). With the exception of BMI and serum 
creatinine, other baseline characteristics were not significantly different between men who developed 
hypertension during follow-up and those who did not develop hypertension (Table 1). In this male 
population without prevalent hypertension at baseline, mean SBP was 130 (15) mmHg and DBP was 
84 (10) mmHg, respectively. 
 
Sauna bathing and risk of hypertension 
The average follow-up time to diagnosis of hypertension or the end of follow-up was 22.0 years 
(median 24.7 years, interquartile range 18.4-26.9 years). The number (percentage) of new cases of 
hypertension was 66 (26.3%), 166 (66.1%), and 19 (7.6%) according to the three groups of frequency 
of sauna bathing (1, 2-3 and 4-7 times per week, respectively; Table 1). The corresponding numbers 
for non-incident cases were 323 (23.6%), 921 (67.2%), and 126 (9.2%). On adjustment for age, 
smoking, BMI, and SBP (model 1), the HR for hypertension was 0.76 (95% confidence interval (CI): 
0.57 to 1.02) for 2-3 sauna bathing sessions per week and 0.54 (0.32 to 0.91) for 4-7 sauna bathing 
sessions per week compared with men reporting 1 sauna bathing session per week (Figure 1). 
Further adjustment for other risk factors (model 2 and 3) did not materially change the estimates; 
compared with one session, 2-3 and 4-7 sauna sessions per week were respectively associated with 
HRs of 0.78 (0.56 to 1.09) and 0.48 (0.26 to 0.87) for model 2 and 0.83 (0.59 to 1.18) and 0.53 (0.28 to 
0.98) for model 3 (Figure 1).  
 
Discussion 
In this population-based cohort study of Finnish middle-aged men without a history of hypertension at 
baseline, we found that higher frequency of sauna bathing is independently associated with a lower 
risk of incident hypertension in a dose-response manner. These findings could help elucidate the 
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potential mechanisms underlying the long-term reduction of cardiovascular mortality associated with 
sauna bathing.    
 
Clinical Implications 
Sauna bathing is associated with beneficial physiologic changes, most notably reduction in resting 
blood pressure. During a hot sauna session, the blood volume to the periphery and skin is increased 
and the heart rate increases so that the blood pressure in internal organs can be maintained. In 
patients with slightly elevated blood pressure, a single sauna session produces positive effects on 
systemic blood pressure, including 24-hour blood pressure levels.12 Heat therapy such as hot water 
immersion is associated with several health benefits including lower levels of resting blood pressure 
potentially reducing the risk of cardiovascular diseases CVD.13 However, in this study, sauna bathing 
was employed as the mode of heat therapy.  Further studies are needed to show if other kinds of heat 
therapies can produce similar risk reductions in hypertension and CVD as recent epidemiological 
evidence is based on traditional Finnish sauna use only.   Consistent with these findings, there is some 
evidence indicating that blood pressure levels are lower among those who live in warm conditions 
based on ambient temperatures.14  
 
Mechanisms 
Regular sauna bathing may have beneficial effects on the cardiovascular system such as blood 
pressure reduction via a number of potential mechanisms. Firstly, repeated sauna sessions improve 
vascular endothelial function in patients at high CVD risk, suggesting a beneficial role of thermal 
therapy on the endothelium.12,15-16 Secondly, sauna bathing also affects the autonomic nervous system. 
A typical Finnish sauna session is indeed characterized by warming up in the sauna with subsequent 
cooling and relaxation; this can positively modulate the autonomic system and may further explain the 
effects on blood pressure reduction.18,19 Thirdly, heart rate may increase up to 100-150 beats per 
minute during sauna bathing session4,20-23 which increases vasodilatation and improves function of the 
vasculature; these are the same benefits that are associated with low and moderate intensity physical 
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exercise training. However, there is no active function of skeletal muscles during sauna bathing, which 
is in contrast to the training response experienced during physical exercise. Sauna bathing leads to 
skin sweating-induced body fluid loss, which is a physiological response to hot temperature.24 Tken 
together, these experimental findings suggest a biological plausibility to the inverse association 
between sauna and risk of hypertension. Our findings also suggest that the protective effect of sauna 
bathing on CVD may be via the blood pressure lowering effects of regular sauna bathing. Appropriate 
interventional studies in animal models or clinical trials are needed to confirm any causal associations.
  
Limitations 
Our findings on the association between sauna bathing and the risk of hypertension cannot be directly 
applied to other types of saunas, all kind of stem rooms or hot tubes; which may operate at a lower 
temperature than a typical Finnish sauna.  Although we adjusted our analyses for many other potential 
confounders and risk factors for future hypertension to test the robustness of our results, the potential 
for residual confounding cannot be entirely eliminated. On the other hand, the results were carefully 
adjusted for confounders in the association with hypertension, such as BMI, smoking, 
cardiorespiratory fitness, alcohol intake and SES. Notably, majority of Finnish people use sauna  
regularly and access to sauna is not limited by socioeconomic background or other reasons.1,17 The 
view of sauna as an indicator of SES is indeed stronger and more common in non-Finnish cultures than 
in Finland. Although we accounted for SES, it is not possible to exclude completely that sauna is not an 
indicator of economic, familial, or working traits. These results could in part be explained by divergent 
educational background, economic facilities, family engagement, professional commitment, or 
"attention" to lifestyle among people reporting different sauna use. In the interpretations of our 
findings, these aspects should be considered along with well-known beneficial physiological changes 
of the cardiovascular function. In this study, it was not possible to correct for regression dilution bias 
which may have underestimated the associations demonstrated, as we had only a one-time 
questionnaire-based assessment of sauna bathing during a typical week. Sauna bathing habits may 
have changed during follow-up due to probable changes in other health habits of participants 
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occurring over the long period of observation. It is unlikely that this would have any considerable 
effect on the main findings, given that sauna bathing is a tradition and embedded in the culture of the 
Finnish people. Lastly, although sauna bathing seems to be safe and most people can tolerate a typical 
relatively hot and dry sauna (including patients with previous CVD),5 it should be noted that 
participants included in this study had resting blood pressure ranging within normal limits and were 
not on antihypertensive medication. Individuals with known orthostatic hypotension should be 
cautious because of a rapid drop in blood pressure, which may occur just after warm sauna bathing.2,25 
 
Conclusions 
This study provides prospective evidence that sauna bathing is inversely associated with the risk of 
hypertension in the general male population and suggests a potential mechanism underlying the long-
term cardiovascular beneficial effects of sauna bathing. Our current results suggest that sauna bathing, 
an activity that promotes relaxation and well-being, may be a recommendable habit in the prevention 
of future hypertension. Further studies are needed to confirm our results in different population 
settings, including women, and among those who are not familiar to regular sauna bathing. 
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Figure legends 
Figure 1: Hazard ratios for incident hypertension 
 
 
 
Model 1: Adjusted for age, smoking, BMI, baseline systolic blood pressure 
Model 2: Model 1 + Glucose, creatinine, alcohol consumption, resting heart rate 
Model 3: Model 2 + Family history of hypertension, socioeconomic status, cardiorespiratory fitness 
 
 
 
 
 
 
 
13 
 
References 
 
1. Laukkanen T, Khan H, Zaccardi F, Laukkanen JA. Association between sauna bathing and fatal 
cardiovascular and all-cause mortality events. JAMA Intern Med. 2015;175:542-548 
2. Keast ML, Adamo KB. The Finnish sauna bath and its use in patients with cardiovascular 
disease. J Cardiopulm Rehabil. 2000;20:225-230. 
3. Luurila OJ. The sauna and the heart. J Intern Med. 1992;231:319-320. 
4. Hannuksela ML, Ellahham S. Benefits and risks of sauna bathing. Am J Med. 2001;110:118-126 
5. Haseba S, Sakakima H, Kubozono T, Nakao S, Ikeda S. Combined effects of repeated sauna 
therapy and exercise training on cardiac function and physical activity in patients with chronic heart 
failure. Disabil Rehabil. 2016;38:409-415. 
6. Gayda M, Paillard F, Sosner, P. Juneau M, Garzon M. Effects of sauna alone and postexercise 
sauna baths on blood pressure and hemodynamic variables in patients with untreated hypertension. J 
Clin Hypertens. 2012;14:553-560. 
7. SPRINT Research Group, Wright JT Jr, Williamson JD, Whelton PK, Snyder JK, Sink KM, Rocco 
MV, et al. A Randomized Trial of Intensive versus Standard Blood-Pressure Control. N Engl J Med. 
2015;373:2103-2116.  
8. Salonen JT. Is there a continuing need for longitudinal epidemiologic research? The Kuopio 
Ischaemic Heart Disease Risk Factor Study. Ann Clin Res. 1988;20:46-50. 
9. Lakka TA, Venäläinen JM, Rauramaa R, Salonen R, Tuomilehto J, Salonen JT. Relation of leisure-
time physical activity and cardiorespiratory fitness to the risk of acute myocardial infarction in men. N 
Engl J Med. 1994;330:1549-1554. 
10. Laukkanen JA, Mäkikallio TH, Rauramaa R, Kiviniemi V, Ronkainen K, Kurl S. Cardiorespiratory 
fitness is related to the risk of sudden cardiac death. A Population-based follow-up study. J Am Coll 
Cardiol. 2010;56:1476-1483. 
14 
 
11. Laukkanen JA, Kurl S, Salonen R, Rauramaa R, Salonen JT. The predictive value of 
cardiorespiratory fitness for cardiovascular events in men with various risk profiles: a prospective 
population-based cohort study. Eur Heart J. 2004;25:1428-1437. 
12. Ohori T, Nozawa T, Ihori H,  Ohori T, Nozawa T, Ihori H. Effect of repeated sauna treatment on 
exercise tolerance and endothelial function in patients with chronic heart failure. Am J Cardiol. 
2012;109:100-104. 
13. Brunt VE, Howard MJ, Francisco MA, Ely BR, Minson CT. Passive heat therapy improves 
endothelial function, arterial stiffness and blood pressure in sedentary humans. J Physiol. 
2016;594:5329-5342. 
14. Lewington S, Li L, Sherliker P, Guo Y, Millwood I, Bian Z, Whitlock G, Yang L, Collins R, Chen J, 
Wu X, Wang S, Hu Y, Jiang L, Yang L, Lacey B, Peto R, Chen  Z. China Kadoorie Biobank study 
collaboration. Seasonal variation in blood pressure and its relationship with outdoor temperature in 
10 diverse regions of China: the China Kadoorie Biobank. J Hypertens. 2012;30:1383-1391. 
15. Imamura M, Biro S, Kihara T, Yoshifuku S, Takasaki K, Otsuji Y, Minagoe S, Toyama Y, Tei C. 
Repeated thermal therapy improves impaired vascular endothelial function in patients with coronary 
risk factors. J Am Coll Cardiol. 2001;38:1083-1088. 
16. Kihara T, Biro S, Imamura M, Yoshifuku S, Takasaki K, Ikeda Y, Otuji Y, Minagoe S, Toyama Y, 
Tei C. Repeated sauna treatment improves vascular endothelial and cardiac function in patients with 
chronic heart failure. J Am Coll Cardiol. 2002;39:754-759. 
17. Kihara T, Biro S, Ikeda Y, Fukudome T, Shinsato T, Masuda A, Miyata M, Hamasaki S, Otsuji Y, 
Minagoe S, Akiba S, Tei C. Effects of repeated sauna treatment on ventricular arrhythmias in patients 
with chronic heart failure. Circ J. 2004;68:1146-1151. 
18. Laukkanen T, Kunutsor SK, Kauhanen J, Laukkanen JA. Sauna bathing is inversely associated 
with Dementia and Alzheimer’s disease in middle-aged Finnish men. Age Ageing. 2016, Dec 7 [Epub 
ahead of print].  
19. Mancia G, Grassi G. The autonomic nervous system and hypertension. Circ Res. 
2014;114:1804-1814. 
15 
 
20. Hasan J, Karvonen MJ, Piironen P. Special review. Part I. Physiological effects of extreme heat as 
studied in the Finnish “sauna” bath. Am J Phys Med. 1966;45:296-314. 
21. Giannetti N, Juneau M, Arsenault A, Behr MA, Grégoire J, Tessier M, Larivée L. Sauna-induced 
myocardial ischemia in patients with coronary artery disease. Am J Med. 1999;107:228-233. 
22. Kukkonen-Harjula K, Oja P, Laustiola K, Vuori I, Jolkkonen J, Siitonen S, Vapaatalo H. 
Haemodynamic and hormonal responses to heat exposure in a Finnish sauna bath. Eur J Appl Physiol. 
1989;58:543-550.  
23. Taggart P, Parkinson P, Carruthers M. Cardiac responses to thermal, physical, and emotional 
stress. BMJ. 1972; 3:71-76. 
24. González-Alonso J, Crandall CG, Johnson JM. The cardiovascular challenge of exercising in the 
heat. J Physiol. 2008;586:45-53. 
25. Kukkonen-Harjula K, Kauppinen K. Health effects and risks of sauna bathing. Int J Circumpolar 
Health. 2006;65:195-205. 
16 
 
Table 1: Baseline characteristics of study participants 
 
 
Incident Hypertension 
 
Variable 
Yes 
(N=251) 
No 
(N=1,370) 
Total 
(N=1,621) 
p-value 
Yes vs No 
Age (years) 
 
53.4 ± 4.9 52.8 ± 5.3 52.9 ± 5.2 0.106 
Body mass index (kg/m2) 
 
27.3 ± 3.7 26.1 ± 3.2 26.3 ± 3.4 <0.001 
Plasma fasting glucose (mmol/l) 
 
4.7 ± 1.1 4.7 ± 1.1 4.7 ± 1.1 0.386 
Serum creatinine (µmol/l) 
 
90 ± 12 89 ± 13 89 ± 13 0.042 
Heart rate (bpm) 
 
63 ± 11 62 ± 10 62 ± 11 0.072 
Socioeconomic status* 
 
8.6 ± 4.1 8.3 ± 4.3 8.3 ± 4.3 0.272 
VO2max	(ml/min)† 
 
2,399 ± 596 2,479 ± 653 2,466 ± 644 0.083 
Current/former smoking (Yes) 
 
74 (29.5) 453 (33.1) 527 (32.6) 0.259 
Family history hypertension (Yes) 
 
117 (46.6) 567 (41.4) 684 (42.2) 0.123 
Alcohol consumption (g/week) 
 
       
  0 
 
32 (12.8) 184 (13.4) 216 (13.3) 0.326 
  0-19 62 (24.7) 406 (29.7) 468 (28.9) - 
  20-76 82 (32.3) 386 (28.2) 468 (28.9) - 
  ≥77 75 (29.9) 392 (28.6) 467 (28.8) - 
Sauna sessions per week        
  1 66 (26.3) 323 (23.6) 389 (24.0) 0.517 
  2-3 166 (66.1) 921 (67.2) 1,087 (67.1) - 
  4-7 19 (7.6) 126 (9.2) 145 (8.9) - 
 
Data are reported as mean ± standard deviation or number (%) 
* Socio-economic status is a summary index that combines measures of income, education, occupation, 
occupational prestige, material standard of living, and housing conditions, all of which were assessed 
with self-reported questionnaires 
†	Cardiorespiratory	itness	deined	as	the	highest	value	for	or	the	plateau	of	oxygen uptake during 
exercise testing 
 
 
